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1.  Introduction 


Currently,  there  is  interest  in  using  ferroeleetrie  materials  in  eleetrie  field  tunable  RF  deviees 
{1,2).  The  use  of  ferroeleetries  in  RF  phase  shifters  has  the  potential  to  meet  the  low-loss,  low- 
eost  requirements  of  mierowave  phase-arrays.  These  ferroeleetrie  phase  shifters  are  based  on  the 
ehange  in  the  effeetive  eleetrie  length  of  the  deviee  due  to  a  ehange  in  the  materials  permittivity 
indueed  by  applying  an  eleetrie  field.  However,  one  of  the  issues  affeeting  the  development  of 
these  phase  shifters  is  the  need  for  materials  that  possess  a  relatively  low  permittivity,  high 
tunability  and  low  mierowave  losses  over  a  fairly  large  temperature  and  frequeney  range. 

Ferroeleetrie  oxide  materials  with  the  perovskite  strueture  are  eurrently  being  studied  for  use  in 
mierowave  phase  shifters  {3,4).  Materials  for  use  in  the  design  of  these  phase  shifters  must  have 
a  small  dieleetrie  eonstant,  be  highly  tunable  and  exhibit  low  mierowave  losses  over  the 
temperature  and  frequeney  ranges  of  interest  for  military  applieations.  A  variety  of  methods 
have  been  used  to  synthesize  ferroeleetrie  oxide  materials  for  use  in  phase  shifters.  For  example, 
by  preparing  a  eomposite  of  BaTiOs  and  MgO,  one  ean  reduee  the  permittivity  and  loss  tangent 
without  destroying  the  tunability  of  the  material  at  room  temperature  (5).  Another  method 
involves  doping  perovskite  oxides  with  small  amounts  of  AI2O3  ('-I  %)  in  an  attempt  to  inerease 
tenability  {6).  Researeh  eondueted  in  the  RF  Eleetronies  Division  at  the  U.S.  Army  Researeh 
Laboratory  (ARE)  has  shown  that  “dilute”  binary  eharge-balaneed  substitutions  of  3^  and  5^  ions 
into  the  B-site  of  Bai-xSrxTiOs  have  produeed  materials  with  relatively  low  to  medium  dieleetrie 
eonstants  (whieh  were  also  temperature-insensitive)  and  improved  tunabilities  (7  through  12). 
These  results  eould  not  be  obtained  from  non-eharge  balaneed  substitution  on  the  B-site  of  Bai_ 
xSrxTi03  or  from  substitution  of  Ti  with  other  4+  ions  sueh  as  Sn"^^,  Zr"^^,  Ge"^"^  {13). 

The  materials  prepared  at  ARE  ean  be  deseribed  by  the  formula  Bai-xSrx(MM')yTii_y03  where  M 
and  M'  are  two  different  transitions  metals  with  an  average  eharge  of  4^.  All  of  these  eompounds 
were  found  to  erystallize  with  the  perovskite  strueture.  The  perovskite  crystal  structure,  ABX3, 
is  one  of  the  most  commonly  encountered  structures  in  solid-state  chemistry.  It  consists  of 
comer  sharing  BXe  octahedra  with  the  A  cations  located  in  the  12-fold  coordination  site  between 
these  octahedra.  Many  ternary  compounds,  especially  oxides,  form  a  simple  perovskite 
stmcture.  However,  more  complicated  variations,  such  as  mixing  of  atoms  on  the  B  site 
(ABB'X3)  or  vacancies  on  the  X  site  (ABX3_y)  are  also  found  to  occur.  This  stmcture  is 
extremely  flexible  and  it  can  accommodate  almost  all  of  the  elements  in  the  periodic  table. 
Because  of  this  flexibility,  perovskites  are  numerous  in  nature  and  exhibit  a  wide  range  of 
physical  properties  such  as  ferroelectricity,  ferromagnetism,  piezoelectricity,  high  temperature 
superconductivity  and  giant  magnetoresistance.  In  fact,  most  of  the  technologically  important 
ferroelectric  materials  are  ceramic  oxides  with  the  perovskite  stmcture  {14). 
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The  ferroelectric  materials  prepared  at  ARL  are  unique  in  that  they  possess  relatively  low 
dielectric  constants  and  improved  tunabilities.  Moreover,  the  dielectric  constants  of  these 
materials  are  fairly  temperature  insensitive  over  the  range  -55  °C  to  120  °C.  Many  of  these 
materials  are  of  the  composition  Bai_xSrx(MM')o.o5Tio.903  where  x  ranges  from  0  to  0.6,  M  is  a 
transition  metal  with  a  charge  of  3+  and  M'  is  a  transition  metal  with  a  charge  of  5+.  BaTiOs  is  a 
common  perovskite  ferroelectric  that  exhibits  a  sharp  increase  in  its  dielectric  constant  at  the 
Curie  temperature  ('-ISO  °C)  (15).  The  substitution  of  Sr  for  Ba  results  in  a  decrease  in  the 
Curie  temperature  from  -'130°  C  for  x=0  to  — 165  °C  for  x=l  (15).  The  substitution  of  M^^  and 
M'^^  cations  for  Ti"^^  results  in  materials  with  relatively  low,  temperature-insensitive  dielectric 
constants.  The  explanation  for  why  these  materials  exhibit  improved  dielectric  properties  may 
lie  in  that  fact  that  they  contain  two  different  transition  metals  (M^^  and  M'^^)  with  of  an  average 
charge  of  4+.  These  charges  maybe  be  randomly  distributed  through  the  structure,  or  they  may 
join  together  to  create  dipole-like  pairs  of  (M^^M'^^).  Previous  in-house  calculations  have 
indicated  that  the  presence  of  these  dipole-like  pairs  in  BaTi03  can  cause  a  “flattening”  of  the 
dielectric  constant,  resulting  in  a  material  with  relatively  temperature  insensitive  dielectric 
properties. 

In  this  report,  the  effect  of  reagent  choice  on  the  dielectric  properties  of  select  materials  is 
investigated.  The  ferroelectric  oxides,  Ba(MTa)o.o5Tio.903  (where  M=Sc,  Er,  Ho  or  Y)  are 
prepared  using  two  different  synthetic  methods.  The  first  method  utilizes  a  conventional  solid 
state  chemistry  technique  to  synthesize  the  material.  This  method  consists  of  heating  a 
stoichiometric  mixture  of  BaC03,  M2O3  (where  M=Sc,  Er,  Ho  or  Y),  Ta205and  Ti02  in  air  at 
elevated  temperatures.  This  technique  was  previously  used  at  ARL  to  produce  materials  with 
relatively  low  to  medium  dielectric  constants  and  improved  tunabilities.  In  this  scenario,  the  B- 
site  cations  (M^^,  Ta^^,  and  Ti"^^)  are  completely  randomized  in  the  starting  mixture.  In  order  for 
the  dipole-pairs  (M  ,  Ta  )  to  form,  the  M  and  Ta  cations  must  diffuse  through  material  to 
find  each  other  and  eventually  “pair  up”.  In  the  second  synthetic  method,  Ba(MTa)o.o5Tio.903,  is 
prepared  using  the  same  reaction  conditions  as  the  first  method,  but  stoichiometric  mixtures  of 
BaTi03  and  Ba2MTa06  (where  M=Sc,  Er,  Ho  or  Y)  are  used  as  the  reagents  (instead  of  binary 
oxides  or  carbonates).  Both  BaTiOs  and  Ba2MTa06  have  the  perovskite  structure.  Ba2MTa06  is 
a  double  perovskite  in  which  the  M^^  and  Ta^^  cations  both  occupy  the  B-site.  In  the  material 
Ba2MTa06,  the  dipole  pairs  of  (M^^,  Ta^^)  are  already  situated  very  close  to  one  another  in  the 
crystal  lattice.  As  this  material  reacts  with  BaTi03,  it  is  very  likely  that  the  (M^^,  Ta^^)  dipole- 
pairs  will  diffuse  into  the  BaTi03  lattice  as  one  unit.  This  would  eliminate  the  need  for  the 
individual  cations  to  diffuse  through  the  lattice  in  an  attempt  to  locate  one  another  and  then  form 
a  dipole-pair.  The  goal  of  this  project  was  to  determine  if  using  BaTi03  and  Ba2MTa06  as 
reagents  in  the  synthesis  of  Ba(MTa)o.o5Tio.903,  rather  than  binary  oxides  and  carbonates,  would 
result  in  a  material  with  an  identical  chemical  composition,  but  improved  dielectric  properties. 
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2.  Materials  Preparation  of  Ba(MTa)o.o5Tio.903  where  M  =  Sc,  Er,  Ho  or  Y 


Method  1 .  The  above  samples  were  prepared  in  bulk  polycrystalline  form  by  mixing  together 
stoichiometric  amounts  of  BaC03,  M2O3  (M=Sc,  Er,  Ho  or  Y),  TaiOs  and  TiOi.  The  purity  of 
all  reagents  was  99.9%  or  better.  This  mixture  was  pressed  into  a  pellet  and  placed  on  sacrificial 
powder  of  the  same  composition  on  platinum  foil  on  an  alumina  slab.  The  pellet  was  then 
calcined  in  air  at  1100  °C  for  8  hours.  The  heating  rate  was  3  °C/min  and  the  sample  was 
allowed  to  cool  in  the  furnace.  This  step  was  necessary  to  convert  the  binary  carbonates  to 
binary  oxides.  This  was  followed  by  grinding,  isostatically  repressing  the  pellet  45  Kpsi  and 
heating  the  pellet  in  air  at  1500  °C  for  25  hours  (final  sintering  temperature).  The  heating  rate 
was  3  °C/min  and  the  sample  was  allowed  to  cool  in  the  furnace. 

Method  2.  This  method  consisted  of  the  following  three  steps: 

1)  A  bulk  polycrystalline  sample  of  BaTi03  was  prepared  by  mixing  together  stoichiometric 
amounts  of  BaC03  and  Ti02.  The  purity  of  all  reagents  was  99.9%  or  better.  This  mixture  was 
pressed  into  a  pellet  and  placed  on  sacrificial  powder  of  the  same  composition  on  platinum  foil 
on  an  alumina  slab.  The  pellet  was  then  calcined  in  air  at  1100  °C  for  8  hours.  The  heating  rate 
was  3  “C/min  and  the  sample  was  allowed  to  cool  in  the  furnace.  This  was  followed  by  grinding, 
repressing  the  pellet  and  heating  in  air  at  1200  °C  for  10  hours.  The  heating  rate  was  3  °C/min 
and  the  sample  was  allowed  to  cool  in  the  furnace. 

2)  A  bulk  polycrystalline  sample  of  Ba2MTa06  (where  M  =  Sc,  Er,  Ho  or  Y)  was  prepared  by 
mixing  together  stoichiometric  amounts  of  BaC03,  M2O3  and  Ti02.  The  purity  of  all  reagents 
was  99.9%  or  better.  This  mixture  was  pressed  into  a  pellet  and  placed  on  sacrificial  powder  of 
the  same  composition  on  platinum  foil  on  an  alumina  slab.  The  pellets  were  then  calcined  in  air 
at  1100  °C  for  8  hours.  The  heating  rate  was  3  °C/min  and  the  sample  was  allowed  to  cool  in  the 
furnace.  This  was  followed  by  grinding,  repressing  the  pellet  and  heating  in  air  at  1500  °C  for 
72  hours.  The  heating  rate  was  3  °C/min  and  the  sample  was  allowed  to  cool  in  the  furnace. 

3)  A  polycrystalline  sample  of  Ba(MTa)o.o5Tio.903  (where  M  =  Sc,  Er,  Ho  or  Y)  was  then 
prepared  by  combining  stoichiometric  amounts  of  the  previously  prepared  BaTi03  and 
Ba2MTa06.  The  resulting  mixture  was  isostatically  pressed  to  45  Kpsi  and  placed  on  sacrificial 
powder  of  the  same  composition  on  Pt  foil  on  an  alumina  slab.  The  sample  was  then  heated  at 
1500  °C  for  25  hours  (final  sintering  temperature).  The  heating  rate  was  3  °C/min  and  the 
sample  was  allowed  to  cool  in  the  furnace  (same  reaction  conditions  as  described  in  Method  1). 
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3.  X-ray  Diffraction  Analysis 


Phase  purity  was  determined  by  powder  X-ray  diffraction  using  a  Bruker  1/4  Circle  Chi  Platform 
System  with  GADDS  Area  Detector  Diffractometer.  Diffraction  patterns  were  collected  at  room 
temperature  using  CuKa  radiation.  Scans  were  run  between  5  and  100°  20.  The  lattice 
constants  were  calculated  using  the  following  method: 


In  a  cubic  system 


At/  _  Aa 
d  a 


—  =  X[(cos^  0  /  sin  0)  +  (cos^  0  /  0)] 


where  d  is  the  interplanar  spacing,  a  is  the  calculated  unit  cell  parameter,  Qo  is  the  true  value  of 
the  cell  parameter  and  K  is  a  constant.  The  term  in  the  brackets  is  called  the  Nelson-Riley 
Function  and  the  value  of  Qq  can  be  found  by  plotting  a  against  this  function,  which  approaches 
zero  as  0  approaches  90  °C.  The  value  of  a  in  a  cubic  system  can  be  calculated  using  the 
following  equation: 

a^  =  d^  (h^  +  k^  +  1^) 

where  h,  k  and  1  are  the  Miller  indices  corresponding  to  each  value  of  d. 


4.  Capacitance  Measurements 


Measurements  of  the  dielectric  constant  versus  temperature  and  frequency  were  made  for  each  of 
the  samples  prepared  by  the  methods  described  above.  E-beam  evaporation  techniques  were 
used  to  deposit  metal  contacts  on  circular  samples  of -10.5  mm  diameter  and  0.5  mm  thickness 
to  form  a  parallel  plate  capacitor.  The  contacts  were  composed  of  layers  of  250 A  Ti,  15  00 A  Au, 
3  000 A  Ag,  15  00 A  Au  in  that  order.  The  small-signal  capacitance  was  measured  by  an 
impedance  bridge  in  the  temperature  range  -55  <  T  <  120  °C  and  the  frequency  range  0  <  f  <  1  x 
10^  Hz  at  5  values  of  bias  voltage  across  the  capacitors  from  0  to  500V.  The  bias  voltages 
needed  for  the  measurement  were  provided  by  a  Bertan  205B  high-voltage  D.C.  power  supply. 


5.  Results  and  Discussion 


Ba(ScT  a)o.o5Tio.903 

The  sample  prepared  using  Method  1  was  a  tan  color  after  the  final  sinter.  X-ray  diffraction 
revealed  the  resulting  sample  to  be  single  phase  and  to  have  a  cubic  unit  cell.  The  lattice 
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constant,  a,  was  derived  from  the  X-ray  diffraetion  peaks  using  the  method  of  Cullity  and  was 
ealeulated  to  be  ~4.008A.  The  sample  prepared  using  Method  2  had  a  dark  tan  eolor  after  the 
final  sinter.  Its  X-ray  diffraetion  pattern  could  be  also  be  indexed  using  a  cubie  unit  eell.  The 
lattiee  eonstant,  a,  was  ealeulated  to  be  ~4.009A.  Figure  1  is  a  eomparison  of  X-ray  diffraetion 
patterns  of  the  Ba(SeTa)o.o5Tio.903  samples  prepared  using  the  two  different  synthetie  methods. 
Both  samples  have  extremely  similar  lattice  parameters  indieating  that  they  have  the  same 
ehemieal  eomposition. 

Although  both  samples  appear  to  be  identieal  in  ehemieal  eomposition,  their  physieal  properties 
are  very  different.  The  dieleetrie  eonstant  of  each  sample  was  measured  as  a  funetion  of 
temperature  and  frequeney.  Figure  2  is  a  eomparison  of  the  dieleetrie  constant  versus 
temperature  and  frequeney  at  zero  applied  eleetrie  field  (E=0)  for  the  two  different  samples  and 
figure  3  is  a  eomparison  of  the  percent  tuning  versus  temperature  and  frequeney.  The  dieleetrie 
eonstant  of  the  sample  prepared  using  Method  1  is  relatively  temperature  insensitive  and  has  a 
value  of -1000  over  the  entire  measured  temperature  range.  At  temperatures  greater  than  0  °C, 
the  dieleetrie  eonstant  inereases  as  the  frequency  decreases.  The  tuning  is  about  10%  over  the 
measured  temperature  range.  For  the  sample  prepared  using  Method  2,  the  plot  of  dieleetrie 
eonstant  versus  temperature  shows  a  broad  peak  that  reaehes  a  maximum  dieleetrie  eonstant  of 
-12000  at  -20  °C.  The  dieleetrie  eonstant  then  deereases  rapidly  to  -1000  at  120  °C.  The 
tuning  shows  immense  variation  with  temperature,  ranging  from  -100%  at  -20  °C  to  less  than 
10%  at  120  °C.  The  tuning  drops  to  less  than  20%  at  -60  °C.  There  is  no  ehange  in  the 
dieleetrie  eonstant  or  pereent  tuning  with  frequeney. 


Figure  1.  Comparison  of  the  X-ray  diffraetion  patterns  of  the  Ba(SeTa)o.o5Tio.903  samples 
prepared  using  two  different  synthetie  methods.  The  red  line  eorresponds  to 
the  sample  prepared  using  Method  1  and  the  blue  line  eorresponds  to  the 
sample  prepared  using  Method  2. 
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Method  1  (carbonates  and  oxides) 


Method  2  (BaTi03+  Ba2ScTa06) 


Temperature  fC} 


Temperature  fc) 


Figure  2.  Comparison  of  the  dieleetric  constant  versus  temperature  and  frequency  at  E=0  for  the 
Ba(ScTa)o.o5Tio,903  samples  prepared  using  two  different  synthetic  methods. 


Figure  3.  Comparison  of  the  percent  tuning  versus  temperature  and  frequency  for  the  Ba(ScTa)o.o5Tio  903  samples 
prepared  using  two  different  synthetic  methods. 

Ba(ErTa)o.o5Tio.903 

The  sample  prepared  using  Method  1  was  a  tan  eolor  after  the  final  sinter.  X-ray  diffraction 
revealed  the  resulting  sample  to  be  single  phase  and  to  have  a  cubic  unit  cell.  The  lattice 
constant,  a,  was  derived  from  the  X-ray  diffraction  peaks  using  the  method  of  Cullity  and  was 
calculated  to  be  ~4.023A.  The  sample  prepared  using  Method  2  had  a  very  dark  tan  color  after 
the  final  sinter.  Its  X-ray  diffraction  pattern  could  also  be  indexed  using  a  cubic  unit  cell.  The 
lattice  constant,  a,  was  calculated  to  be  ~4.027A.  Figure  4  is  a  comparison  of  X-ray  diffraction 
patterns  of  the  Ba(ErTa)o.o5Tio.903  samples  prepared  using  the  two  different  synthetic  methods. 
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Both  samples  have  very  similar  lattice  parameters  indicating  that  they  have  the  same  chemical 
composition. 

The  dielectric  constant  of  each  sample  was  measured  as  a  function  of  temperature  and  frequency, 
figure  5  is  a  comparison  of  the  dielectric  constant  versus  temperature  and  frequency  at  E=0  for 
the  two  different  samples  and  figure  6  is  a  comparison  of  the  percent  tuning  versus  temperature 
and  frequency.  The  dielectric  constant  of  the  sample  prepared  using  Method  1  varies  from 
-3000  at  temperatures  less  than  20  °C  to  -1000  at  120  °C  over  the  measured  temperature  range 
and  at  all  frequencies.  The  tuning  ranges  from  40%  at  temperatures  less  than  20  °C  to  less  than 
10%  at  120  °C.  For  the  sample  prepared  using  Method  2,  the  plot  of  dielectric  constant  versus 
temperature  shows  a  well-defined  peak  that  reaches  a  maximum  dielectric  constant  of -10000  at 
-20  °C.  The  dielectric  constant  then  decreases  rapidly  to  -2000  at  120  °C.  The  tuning  varies 
from  -60%  at  temperatures  less  than  -20  °C  to  -20%  at  temperatures  greater  than  20  °C.  The 
tuning  also  begins  to  increase  slightly  at  120  °C.  There  is  no  change  in  the  dielectric  constant  or 
percent  tuning  with  frequency. 


Figure  4.  Comparison  of  the  X-ray  diffraction  patterns  of  the  two  Ba(ErTa)o.o5Tio.903 

samples  prepared  using  different  synthetic  methods.  The  red  line  corresponds 
to  the  sample  prepared  using  Method  1  and  the  blue  line  corresponds  to  the 
sample  prepared  using  Method 
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Method  1  (carbonates  and  oxides) 

Method  2  (BaTiOa  +  Ba2ErTa06) 

Figure  5.  Comparison  of  the  dielectric  constant  versus  temperature  and  frequency  at  E=0  for  the 
Ba(ErTa)o.o5Tio.903  samples  prepared  using  two  different  synthetic  methods. 


Method  1  (carbonates  and  oxides) 


Method  2  (BaTiOs  +  Ba2ErTa06) 


t^^fiiperature  FC) 


Temperature  fc) 


Figure  6.  Comparison  of  the  percent  tuning  versus  temperature  and  frequency  for  the  Ba(ErTa)o.o5Tio.903  samples 
prepared  using  two  different  synthetic  methods. 

Ba(HoT  a)o.o5Tio.903 

The  sample  prepared  using  Method  1  was  a  dark  brown  color  after  the  final  sinter.  X-ray 
diffraction  revealed  the  resulting  sample  to  be  single  phase  and  to  have  a  cubic  unit  cell.  The 
lattice  constant,  a,  was  derived  from  the  X-ray  diffraction  peaks  using  the  method  of  Cullity  and 
was  calculated  to  be  ~4.025A.  The  theoretical  density  of  Ba(HoTa)o.o5Tio.903  was  calculated  to 
be  6.26  g/cm  .  The  actual  density  was  determined  to  be  5.59  g/cm  .  The  sample  prepared  using 
Method  2  had  a  very  dark  tan  color  after  the  final  sinter.  Its  X-ray  diffraction  pattern  could  be 
indexed  using  a  cubic  unit  cell.  The  lattice  constant,  a,  was  calculated  to  be  ~4.028A.  Figure  7 
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is  a  comparison  of  X-ray  diffraction  patterns  of  the  Ba(ErTa)o.o5Tio.903  samples  prepared  using 
the  two  different  synthetie  methods.  Both  samples  have  very  similar  lattiee  parameters 
indieating  that  they  have  the  same  ehemieal  eomposition. 

The  dieleetrie  eonstant  of  eaeh  sample  was  measured  as  a  funetion  of  temperature  and  frequeney. 
Figure  8  is  a  eomparison  of  the  dieleetrie  eonstant  versus  temperature  and  frequeney  at  E=0  for 
the  two  different  samples  and  figure  9  is  a  eomparison  of  the  pereent  tuning  versus  temperature 
and  frequeney.  The  dieleetrie  eonstant  of  the  sample  prepared  using  Method  1  varies  from 
-5000  to  -2000  over  the  measured  temperature  range  and  at  all  frequeneies  and  the  tuning 
ranges  from  40%  to  20%.  There  is  no  ehange  in  pereent  tuning  with  frequeney.  For  the  sample 
prepared  using  Method  2,  the  dieleetrie  eonstant  is  around  8000  at  ^0  °C  and  then  steadily 
deereases  down  to  -2000  as  the  temperature  inereases  to  120  °C.  The  tuning  ranges  from  -60% 
at  temperatures  less  than  -20  °C  to  -10-15%  at  temperatures  above  20  °C.  There  is  no  ehange  in 
the  dieleetrie  eonstant  or  tuning  with  frequeney. 


Figure  7.  Comparison  of  the  X-ray  diffraetion  patterns  of  the  BafFioTafo  osTio  gOs 
samples  prepared  using  two  different  synthetie  methods.  The  red  line 
eorresponds  to  the  sample  prepared  using  Method  1  and  the  blue  line 
eorresponds  to  the  sample  prepared  using  Method  2. 
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Method  1  (carbonates  and  oxides) 


Method  2  (BaTiOs  +  Ba2HoTa06) 


rcmporafure  ("c) 


Tomperafurc  fc) 


Figure  8.  Comparison  of  the  dieleetrie  constant  versus  temperature  and  frequency  at  E=0  for  the 
Ba(F[oTa)o,o5Tio.903  samples  prepared  using  two  different  synthetic  methods. 


Method  1  (carbonates  and  oxides) 

Method  2  (BaTiOa  +  Ba2HoTa06) 

Figure  9.  Comparison  of  the  percent  tuning  versus  temperature  and  frequency  for  the 
Ba(HoTa)o.o5Tio.903  samples  prepared  using  two  different  synthetic  methods. 


Ba(YT  a)o.o5Tio.903 

The  sample  prepared  using  Method  1  was  a  dark  brown  color  after  the  final  sinter.  X-ray 
diffraction  revealed  the  resulting  sample  to  be  single  phase  and  to  have  a  cubic  unit  cell.  The 
lattice  constant,  a,  was  derived  from  the  X-ray  diffraction  peaks  using  the  method  of  Cullity  and 
was  calculated  to  be  '-'4. 023 A.  The  X-ray  diffraction  peaks  were  very  sharp  and  well  defined. 

The  theoretical  density  of  Ba(YTa)o.o5Tio.903  was  calculated  to  be  6.17  g/cm  .  The  actual  density 
was  determined  to  be  5.38  g/cm  .  The  sample  prepared  using  Method  2  had  a  very  dark  tan  color 
after  the  final  sinter.  Its  X-ray  diffraction  pattern  could  be  indexed  using  a  cubic  unit  cell.  The 
lattice  constant,  a,  was  calculated  to  be  ~4.029A.  Figure  10  is  a  comparison  of  X-ray  diffraction 
patterns  of  the  Ba(ErTa)o.o5Tio.903  samples  prepared  using  the  two  different  synthetic  methods. 
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Both  samples  have  very  similar  lattice  parameters  indicating  that  they  have  the  same  chemical 
composition. 

The  dielectric  constant  of  each  sample  was  measured  as  a  function  of  temperature  and  frequency. 
Figure  1 1  is  a  comparison  of  the  dielectric  constant  versus  temperature  and  frequency  at  E=0  for 
the  two  different  samples  and  figure  12  is  a  comparison  of  the  percent  tuning  versus  temperature 
and  frequency.  The  dielectric  constant  of  the  sample  prepared  using  Method  1  varies  from 
-4500  to  -2000  over  the  measured  temperature  range  and  at  all  frequencies.  The  tuning  ranges 
from  40%  to  20%.  There  is  no  change  in  percent  tuning  with  frequency.  For  the  sample 
prepared  using  Method  2,  the  plot  of  dielectric  constant  versus  temperature  shows  a  broad  peak 
that  reaches  a  maximum  dielectric  constant  of  -8000  at  -30  °C.  The  dielectric  constant  than 
decreases  to  -2000  as  the  temperature  is  increased.  The  tuning  varies  from  -50%  (at 
temperatures  less  than  0  °C)  down  to  less  than  20%  at  40-50  °C  and  then  increases  slightly  to 
-30%  as  the  temperature  continues  to  increase.  There  is  no  change  in  the  dielectric  constant  or 
tuning  with  frequency. 


Figure  10.  Comparison  of  the  X-ray  diffraction  patterns  of  the  two  Ba(YTa)o.osTio.903 
samples  prepared  using  different  synthetic  methods.  The  red  line  corresponds 
to  the  sample  prepared  using  Method  1  and  the  blue  line  corresponds  to  the 
sample  prepared  using  Method  2. 
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Method  1  (carbonates  and  oxides) 


Method  2  (BaTiOa  +  Ba2YTa06) 
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Figure  11.  Comparison  of  the  dielectric  constant  versus  temperature  and  frequency  for  the  Ba(YTa)o.o5Tio.903 
samples  prepared  using  two  different  synthetic  methods. 


Method  1  (carbonates  and  oxides) 


Method  2  (BaTiOs  +  Ba2YTa06) 


Tomporaturo  fc) 
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Figure  12.  Comparison  of  the  percent  tuning  versus  temperature  and  frequency  for  the  Ba(YTa)o.o5Tio  9O3 
samples  prepared  using  two  different  synthetic  methods. 


Discussion 

As  is  illustrated  in  figures  2  and  3,  the  dieleetrie  properties  of  Ba(SeTa)o.o5Tio.903  vared  greatly 
depending  on  whether  the  reagents  were  binary  earbonates  and  oxides,  or  BaTiOa  and 
BaiSeXaOe.  Using  the  eonventional  technique  of  heating  binary  carbonates  and  oxides  yielded  a 
material  with  a  relatively  low,  temperature-insensitive  dielectric  constant  and  low  tunability. 
When  BaTiOs  and  Ba2ScTa06  were  used  as  reagents,  the  resulting  material  had  a  dielectric 
constant  that  was  much  higher  and  exhibited  greater  temperature  sensitivity.  The  percent  tuning 
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of  this  sample  was  also  very  temperature  dependant  and  varied  greatly  as  the  temperature 
inereases  from  -55  °C  to  120  °C.  Similar  results  were  obtained  for  Ba(ErTa)o.o5Tio.903  (see 
figures  5  and  6)  For  this  compound,  the  sample  prepared  using  BaTiOs  and  Ba2ErTa06  exhibited 
much  larger  dielectric  constants  over  the  entire  measured  temperature  range.  This  sample  also 
showed  less  temperature-insensitivity  than  the  sample  prepared  using  binary  carbonates  and 
oxides  as  the  starting  materials.  And  although  this  sample  exhibited  a  higher  percent  tuning  at 
lower  temperatures,  it  greatly  decreased  in  value  as  the  temperature  reached  60  °C.  At 
temperature  above  60  °C,  the  tuning  of  both  sample  was  extremely  similar.  The 
Ba(HoTa)o.o5Tio.903  and  Ba(YTa)o.o5Tio.903  samples  also  exhibited  different  dielectric  properties 
depending  on  whether  the  reagents  were  binary  carbonates  and  oxides  or  BaTi03  and 
BaiHoTaOe  (BaiYTaOe)  (see  figure  8,  9,  11,  and  12).  The  plots  of  dielectric  constant  versus 
temperature  and  frequency  for  the  two  Ba(HoTa)o.o5Tio.903  samples  were  very  similar  in  shape 
(see  figure  8).  The  only  difference  was  that  the  sample  prepared  from  BaTi03  and  Ba2HoTa06 
had  a  slightly  higher  dielectric  constant  (as  was  the  case  with  the  Sc  and  Er  samples).  Similarily, 
the  dielectric  constant  of  the  Ba(YTa)o.o5Tio.903  sample  prepared  from  BaTi03  and  Ba2YTa06 
had  a  larger  value  and  was  more  temperature  sensitive  than  the  sample  prepared  form  the  binary 
carbonates  and  oxides  (see  figure  11).  Overall,  the  shape  of  the  plot  of  these  two  samples  was 
very  similar,  unlike  that  of  the  Sc  and  Er  samples. 

Although  all  samples  are  believed  to  contain  (M^^,  Ta^^)  dipole-pairs,  it  is  very  possible  that  the 
samples  prepared  using  BaTi03  and  Ba2MTa06  have  a  higher  concentration  of  these  dipole- 
pairs,  which  results  in  larger  dielectric  constants  and  great  temperature  sensitivity.  Samples 
prepared  using  binary  carbonates  and  oxides  also  contain  (M^"^,  Ta^^)  dipole-pairs,  but  these 
materials  may  also  have  a  large  percentage  of  and  Ta^^  cations  that  are  individually  situated 
throughout  the  lattice.  This  may  be  a  result  of  the  fact  that  when  binary  carbonates  and  oxides 
are  used  as  reagent,  the  cations  must  diffuse  through  the  structure  to  find  one  another  and  “pair 
up”.  This  diffusion  process  may  limit  the  number  of  (M^^,  Ta^^)  dipole -pairs  that  form,  which 
may  lead  to  low  to  medium  dielectric  constants  and  temperature  insensitivity.  In  the  situation  in 
which  BaTi03  and  Ba2MTa06  are  used  as  reagents,  the  dipole  pairs  are  already  formed  in 
Ba2MTa06  and  it  is  very  possible  that  when  this  compounds  reacts  with  BaTiOs,  the  (M^^,  Ta^^) 
dipole -pairs  remain  in  tact  and  diffuse  through  the  structure  as  a  unit.  This  may  results  in  higher 
dielectric  constants  and  less  temperature  insensitivity.  Additional  x-ray  and  neutron  diffraction 
studies  are  necessary  to  determine  the  amount  of  cations  that  form  dipole-pairs  and  the  amount 
of  cations  which  are  individually  scattered  throughout  the  structure.  Moreover,  SEM  and  TEM 
studies  should  be  performed  to  determine  if  the  grain  size  varies  between  samples,  which  may  be 
a  factor  in  explaining  the  difference  in  dielectric  properties. 
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6.  Conclusions 


Materials  of  the  eomposition  Ba(MTa)o.o5Tio.903  where  M=  Se,  Er,  Ho  or  Y  were  prepared  using 
two  separate  methods.  The  methods  differed  in  the  ehoiee  of  reagents  used  in  the  synthesis  of 
these  eompounds.  In  the  first  method,  a  sample  of  Ba(MTa)o.o5Tio.903  where  M=  Se,  Er,  Ho  or  Y 
was  prepared  using  binary  earbonates  and  oxides  as  reagents.  In  the  seeond  method,  a  sample  of 
the  same  eomposition  was  prepared  using  BaTi03  and  Ba2MTa06  (where  M=Se,  Er,  Ho  or  Y)  as 
reagents.  The  ehoiee  of  reagent  was  found  to  have  a  notieeable  effeet  on  the  dieleetrie 
properties.  In  all  eases,  using  BaTi03  and  Ba2MTa06  as  reagents  resulted  in  materials  with 
larger  dieleetrie  eonstants  and  greater  temperature  sensitivity.  The  pereent  tuning  of  these 
samples  was  higher,  but  it  was  also  very  temperature  sensitive.  It  is  postulated  that  during  the 
reaetion  proeess,  the  (M^^,  Ta^^)  dipole-pairs  in  Ba2MTa06  diffuse  through  the  BaTi03  lattiee  as 
one  unit.  This  results  in  a  large  number  of  dipole-like  pairs,  whieh  may  be  partly  responsible  for 
the  inerease  in  the  dieleetrie  eonstant  and  deerease  in  the  temperature  insensitivity  of  the 
material. 
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FT  MONROE  VA  23651-5850 

1  PM  TIMS,  PROFILER  (MMS-P) 
AN/TMQ-52 
ATTN  B  GRIFFIES 
BUILDING  563 
FT  MONMOUTH  NJ  07703 

1  US  ARMY  INFO  SYS  ENGRG  CMND 

ATTN  AMSEL  IE  TD  F  JENIA 
FT  HUACHUCA  AZ  85613-5300 

1  COMMANDER 

US  ARMY  RDECOM 

ATTN  AMSRD  AMR  W  C  MCCORKLE 

5400  FOWLER  RD 

REDSTONE  ARSENAL  AL  35898-5000 


No.  of 

Copies  Organization 

1  US  ARMY  RSRCH  LAB 

ATTN  AMSRD  ARE  Cl  OK  TP 
TECHL  LIB  T  LANDFRIED 
BLDG  4600 

ABERDEEN  PROVING  GROUND  MD 
21005-5066 

1  US  GOVERNMENT  PRINT  OFF 

DEPOSITORY  RECEIVING  SECTION 
ATTN  MAIL  STOP  IDAD  J  TATE 
732  NORTH  CAPITOL  ST  NW 
WASHINGTON  DC  20402 

1  DIRECTOR 

US  ARMY  RSRCH  LAB 

ATTN  AMSRD  ARE  RO  EV  W  D  BACH 

PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC  27709 

3  US  ARMY  RSRCH  LAB 

ATTN  AMSRD  ARE  Cl  OK  PE 
TECHL  PUB 

ATTN  AMSRD  ARE  Cl  OK  TL 
TECHL  LIB 
ATTN  IMNEALCIMS 
MAIL  &  RECORDS  MGMT 
ADELPHI  MD  20783-1197 

TOTAL:  14  (1  ELEC,  1  CD,  12  HC) 
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